In vivo control of respiration by cytochrome c oxidase in human cells.
The metabolic control of oxidative phosphorylation (OXPHOS) has attracted increasing attention in recent years, especially due to its importance for understanding the role of mitochondrial DNA mutations in human diseases and aging. Experiments on isolated mitochondria have indicated that a relatively small fraction of each of several components of the electron transport chain is sufficient to sustain a normal respiration rate. These experiments, however, may have not reflected the in vivo situation, due to the possible loss of essential metabolites during organelle isolation and the disruption of the normal interactions of mitochondria with the cytoskeleton, which may be important for the channeling of respiratory substrate to the organelles. To obtain direct evidence on this question, in particular, as concerns the in vivo control of respiration by cytochrome c oxidase (COX), we have developed an approach for measuring COX activity in intact cells, by means of cyanide titration, either as an isolated step or as a respiratory chain-integrated step. The method has been applied to a variety of human cell types, including wild-type and mtDNA mutation-carrying cells, several tumor-derived semidifferentiated cell lines, as well as specialized cells removed from the organism. The results obtained strongly support the following conclusions: (i) the in vivo control of respiration by COX is much tighter than has been generally assumed on the basis of experiments carried out on isolated mitochondria; (ii) COX thresholds depend on the respiratory fluxes under which they are measured; and (iii) measurements of relative enzyme capacities are needed for understanding the role of mitochondrial respiratory complexes in human physiopathology.